Bio-ethanol production from cane molasses (diluted to 15 % sugar w/v) was studied using the bacterium, Zymomonas mobilis MTCC 92 entrapped in luffa (Luffa cylindrica L.) sponge discs and Ca-alginate gel beads as the immobilizing matrices. At the end of 96 h fermentation, the final ethanol concentrations were 58.7 ± 0.09 and 59.1 ± 0.08 g/l molasses with luffa and Ca-alginate entrapped Z. mobilis cells, respectively exhibiting 83.25 ± 0.03 and 84.6 ± 0.02 % sugar conversion. There was no statistical significant difference (Fischer's LSD) in sugar utilization (t = 0.254, p<0.801) and ethanol production (t =-0. 663, p<0.513) between the two immobilization matrices used. Further, the immobilized cells in both the matrices were physiologically active for three more cycles of operation with less than 15 % decrease in ethanol yield in the 4 th cycle, which was due to some leakage of cells. In conclusion, luffa sponge was found to be equally good as Ca-alginate as a carrier material for bacterial (Z. mobilis) cell immobilization for ethanol production.
MATERIALS AND METHODS

Molasses
The molasses used for ethanol fermentation was brought KH 2 PO 4 , 10; Agar, 15 and the pH was adjusted to 6.5. The culture was stored at 4±0.5 0 C for further use.
Preparation of inoculum
The inoculum was prepared in 100 ml growth medium (as Ethanol fermentation by Z. mobilis incubator (Remi Pvt, Ltd, Bombay, India). Fourty ml of the bacterial inoculum [equivalent to 10 % of the fermentation medium (400 ml)] was separately immobilized with Caalginate and luffa sponge discs as the matrices described in the following section.
Immobilization of whole cells in different matrices
Calcium alginate: Forty ml of the bacterial inoculum with gentle agitation (7, 17). Finally, these beads were washed with sterile distilled water to remove excess Ca 2+ ions and unentrapped cells, before being used for the fermentation process.
Luffa sponge discs:
The luffa sponge discs were obtained from mature dried fruits of L. cylindrica. The sponge was cut into discs of 2.5-cm diameter, 4 mm thick and washed in boiling water four times. The luffa sponge discs were then oven-dried at 70 0 C. Fourty ml of the bacterial inoculum (1 x 10 5 CFU/ml) was directly poured into six luffa sponge discs contained in 500-ml beaker. After the cells (inoculum) were trapped within the matrix of the sponge, these immobilized luffa discs were taken out and washed thoroughly with fresh sterilized YGSA broth to remove the free cells before being used for the fermentation process. After cooling (NH 4 ) 2 SO 4 was added to the slurry (as a source of nitrogen) for growth of the bacteria at the rate of 1g/l and subsequently the pH was adjusted to 6.5. Then the medium (400 ml) was inoculated with either immobilized luffa sponge discs (6 nos.) or Ca-alginate gel beads. The triplicate flasks (n=3) for each treatment was separately incubated for 96 h at the room temperature (30 ± 2 0 C).
Cell leakage:
The cells leaked from the matrices (Caalginate beads and luffa sponge discs) into fermentation medium were determined by plate count using yeast extractglucose-salt-agar (YGSA) medium, incubated at 30 0 C for 24 h.
Analytical methods
At 24 h interval, fermented broths (in triplicate flasks) were removed and the contents were analyzed for total sugar and ethanol. The ethanol content of the fermented broth was determined by measuring specific gravity of the distillate according to the procedure described by Amerine and Ough (2). In this procedure, the weight of a certain volume of an alcohol distillate was compared to the weight of exactly the same volume of distilled water. The ratio of the weights of the two (alcohol: water) gave the specific gravity of the distillate.
The total sugar was assayed by Anthrone method (21) . 
Statistical analysis
The data of ethanol production using immobilized cells of 
RESULTS AND DISCUSSION
Fermentation of cane molasses (with 15 % sugar, w/v) by the bacterium Z. mobilis MTCC 92 immobilized in luffa sponge discs and Ca-alginate gel beads was compared, and the sugar utilization and ethanol production profile by these two methods are given in Fig. 1 . Preliminary studies (data not shown) have shown that 15 % sugar content in molasses is optimum for ethanol production using Z. mobilis as the fermenting organism. This is in agreement with the previous studies (3, 24).
In the present study, ethanol production started in the log phase of the growth and maximum ethanol production was achieved during the stationary phase (96 h) (Fig. 1) .
This was evident from the study of cell growth pattern in both the immobilized systems as shown in Figure 
